Abstract
METHODS
All patients with perianal CD treated with anti-TNF-α therapy at our tertiary care center were evaluated by magnetic resonance imaging (MRI) and clinical assessment. Two MR examinations were performed: at initiation of anti-TNF-α treatment and then at least 2 years after. Clinical assessment (remission, response and non-response) was based on Present' s criteria. Rectoscopic patterns, MRI Van Assche score, and MRI fistula activity signs (T2 signal and contrast enhancement) were collected for the two MR examinations. Fistula healing was defined as the absence of T2 hyperintensity and contrast enhancement on MRI. Deep remission was defined as the association of both clinical remission, absence of anal canal ulcers and healing on MRI. Characteristics and imaging patterns of patients with and without deep remission were compared by univariate and multivariate analyses.
INTRODUCTION
Crohn's disease (CD) is a chronic inflammatory bowel disease, often associated with perianal complications such as fistulas or abscesses [1, 2] . Perianal fistulas affect about one-third of patients during the evolution of CD and contribute to impaired quality of life [3] . This disease remains a challenging clinical condition, which is often refractory to conventional therapy. Management is based on combined therapies including antibiotics, drainage surgery, immunosuppressants and antitumor necrosis factor (TNF)-α therapy [4] [5] [6] [7] [8] [9] [10] [11] . Induction therapy with anti-TNF-α drugs allows a complete response after 12 wk in 50% of patients but appears to be of short duration and maintenance therapy is required [8] . Recently, expanded allogeneic adiposederived mesenchymal stem cells have been proved to be effective as reported by Panés et al [12] in the Lancet.
Magnetic resonance imaging (MRI) is a highly accurate non-invasive modality for the diagnosis and classification of perianal fistulas; as such it is considered to be the gold standard imaging technique for perianal CD [13] [14] [15] [16] . It allows accurate morphological assessment to obtain information on perianal disease activity that can be used for follow-up [17] [18] [19] . Improvement in MRI techniques including 3 Tesla imaging and serial MRI examination have emerged as a standard to prepare, to guide and finally to gauge the success of treatment [20] . An MRI-based score (Van Assche) is available and uses different criteria to describe the anatomy (extension) and complexity (active inflammation, abscess) of the fistula [19, 21] .
Clinically, perianal disease activity in CD is assessed according to fistula drainage [7] . This simple clinical test is effective in defining treatment failure but not in assessing the degree of response, especially when fistula drainage is intermittent. It has been demonstrated that stopping drainage from cutaneous orifices does not necessarily mean that perianal disease has decreased or healed [22, 23] . Clinical response often contrasts with the persistence of fistulas on MRI [21, 24] . Assessment of fistula activity is challenging and is commonly performed based on T2 hyperintensity [25] [26] [27] . T2 weighted sequence with fat suppression is the optimal technique for MRI of fistulas [15] . A gadolinium enhanced T1 weighted sequence is useful for differentiating fluid/pus and granulation tissue [5, [26] [27] [28] [29] . The definition of fistula healing on MRI is usually based on the disappearance of T2 hyperintense signal and more recently on the absence of gadolinium contrast enhancement [18] . Achieving both clinical remission and healing on MRI is probably the most ambitious target in the management of perianal CD. Healing of lesions can be monitored in luminal CD [30, 31] . The aims of this study were to describe the clinical and imaging courses of patients with perianal fistulas on long-term maintenance anti-TNF-α therapy and to identify clinical, endoscopic or imaging features associated with deep remission.
MATERIALS AND METHODS

Patients
Between 2003 and 2013, all consecutive patients with fistulizing perianal CD treated with maintenance anti-TNF-α therapy at our tertiary care center were evaluated by clinical assessment and two MRI examinations. Patients treated with fibrin glue and plug were excluded. MRI was performed at the initiation of anti-TNF-α treatment and then at least 2 years after. This study was approved by the Institutional Review Board and informed consent was waived. Patients were diagnosed with CD by either endoscopy and/or histology and had at least one draining perianal fistula. Patients with an abscess had surgical drainage with seton placement, when appropriate, accompanied by a short course of antibiotics (fluoroquinolones and metronidazole). Seton removal was scheduled after completion of anti-TNF-α induction treatment. Immunosuppressant drugs were maintained or started (azathioprine, methotrexate or purinethol). All patients received anti-TNF-α induction treatment either with infliximab (5 mg/kg at weeks 0, 2 and 6) or with adalimumab (160, 80, 40 mg at week 0, 2 and 4, respectively). This induction treatment was followed by maintenance therapy based on infliximab 5 mg/kg every 8 wk or adalimumab 40 mg every other week. Each treatment could be optimized by increasing the dose or by decreasing the interval between injections. Certozilumab was used in three patients after infliximab or adalimumab failure with an induction treatment of 400 mg at weeks 0, 2 and 4 followed by maintenance therapy (400 mg every 4 wk).
Patients' characteristics [age, sex, smoking status, family history of inflammatory bowel diseases (IBD), CD history and activity, duration of disease, localizations of disease according to Montreal criteria, C-reactive protein (CRP) level, albumin rate, and surgical treatment] and rectal involvement at endoscopy were assessed.
MRI
All patients were evaluated by MRI before starting anti-TNF-α therapy and at least 2 years after treatment induction.
MRI examination was performed on a Philips Achieva 1.5 Tesla (Philips Medical Systems, Best, the Netherlands) using a torso phased-array coil. Patients did not receive any bowel preparation. All patients were placed in a supine position, with the pelvis centered on the coil. T2-weighted two-dimensional (2D) turbo spin-echo (TSE) sequences (TR = 6000 ms, TE = 500 ms, scan time = 5 min, matrix of 312 × 512, field of view 250 mm) and T2-weighted 2D TSE sequences with spectral presaturation inversion recovery (SPIR) (TR = 2000 ms, TE = 50 ms, scan time = 5 min, matrix of 312 × 512, field of view 250 mm) were obtained. T1-weighted 2D TSE sequences with and without fat suppression with SPIR (TR = 500 ms, TE = 10 ms, scan time = 5 min, matrix of 285 × 384, field of view = 250 mm) sequences were performed after gadolinium enhancement after checking for normal renal function. The intravenous injection was a mean dose of 15-20 mL gadolinium-DTPA (Magnevist, Schering, Germany) and the scan delay was 60 s. T2-weighted imaging was performed in transverse, sagittal and coronal planes. T1-weighted imaging was performed in transverse and coronal planes. Coronal and transverse planes were angled exactly parallel and perpendicular to the long axis of the anal canal.
The MRI images were assessed by two experienced gastrointestinal radiologists blinded to information on clinical outcome (CSC, EK). The same standardized report was used for initial and follow-up MR examinations. The items studied and their attributed values according to Van Assche were as follows: complexity of the fistula tracks (single unbranched = 1, single branched = 2, multiple = 3); location regarding the sphincters (inter/extra-sphincteric = 1, transsphincteric = 2, suprasphincteric = 3); extension (infralevatoric = 1, supralevatoric = 2); hyperintense appearance in T2-weighted sequences (absent = 0, mild = 4, pronounced = 8); presence of abscesses (hyperintense fluid collections > 3 mm in T2-weighted sequences = 4); and rectal wall involvement (thickened rectal wall = 2). In addition to Van Assche scoring, fistula enhancement after gadolinium-DTPA injection was analyzed and recorded as present or absent.
Clinical and MRI evaluations
Clinical evaluation: Clinical assessment was performed by senior gastroenterologists specialized in IBD (GS, LAD). All clinical examinations were performed by the same physician dedicated to one patient according to Present's criteria [7] . A second clinical evaluation was performed to assess the clinical response under treatment. Drainage of fistula openings was studied under gentle finger compression and identified as open and actively draining or closed. Clinical remission was defined as the absence of any draining fistulas and the absence of self-reported drainage episodes by the patient at two successive evaluations. Clinical response was defined as a reduction of 50% or more from baseline in the number of draining fistulas at the clinical evaluation, or in case of non-attendance at the clinical evaluation, as any persisting draining fistulas self-reported by the patient. Patients were considered non-responders in all other circumstances. Anal and rectoscopic patterns were collected to assess the presence of ulcers.
MR evaluation:
The two MR examinations were compared to determine changes in items of Van Assche's score. Fistula enhancement was also compared in order to determine whether or not there was persistence of enhancement. Healing on MRI was defined as the disappearance of T2 hyperintensity and contrast enhancement after gadolinium injection.
Deep remission: Deep remission was defined as the association of clinical remission and the absence of observed in 27 patients.
Baseline MRI evaluation
MRI characteristics at inclusion are summarized in Table 2 . The average Van Assche score was 13 ± 4. The most common fistula location was inter-or extrasphincteric (63.3%) and an infralevatoric extension was observed in 87.8% of patients. Nineteen (38.8%) patients (38.8%) had an abscess. Pronounced T2 hyperintensity of fistula tracks was found in 35 (71.4%) patients. All fistulas were enhanced by gadolinium injection.
Treatment
Forty-three (87.8%) patients received infliximab with a mean treatment duration of 23 ± 20 mo and a mean number of 13 treatments. Six (12.2%) patients received adalimumab with a mean duration of 21 ± 14 mo. Thirty-one (63.3%) patients had an associated immunosuppressant drug. During the study period, eleven (22.4%) patients had a switch of anti-TNF-α treatment. Twenty-one (42.8%) patients required surgical drainage of their perianal lesions. The average follow-up period was 40 ± 27 mo.
Clinical and imaging evaluations
Among the 49 patients, 26 (53.1%) were in clinical remission, 10 (20.4%) in clinical response and 13 (26.5%) were non-responders at the end of follow-up.
Deep remission (clinical remission, absence of anal canal ulcers and healing on MRI) was observed in 16 (32.7%) patients (Figure 1) .
Van Assche score increased in 30 (61.2%) patients and decreased in 11 (22.4%) patients. Average Van Assche score was 8 ± 6. T2 hyperintensity disappeared but contrast enhancement persisted after gadolinium injection in 4 patients. Van Assche score was significantly lower in patients in clinical remission than in non-responders (0 vs 14, p < 0.05).
anal canal ulcers and healing on MRI. 
Statistical analysis
RESULTS
Patients' characteristics and baseline clinical assessment
Forty-nine patients (31 females and 18 males) were enrolled in this study. They ranged in age from 14-70 years, with a mean age of 33 years. Initial clinical characteristics of patients are presented in Table 1 . Perineal involvement was present at diagnosis of CD in 6 (12%) patients. An ileocolonic location was observed in 22 (44.9%) patients, pure colonic disease in 15 (30.6%) and an isolated ileal location in 4 (8.2%). Extraintestinal manifestations were present in 11 (22.4%) patients. Disease behavior at diagnosis was considered as inflammatory in 34 (69.4%), stricturing in 8 (16.3%) and penetrating in 7 (14.3%). Eleven (22.4%) patients had ileocolonic resection.
At baseline all patients complained of spontaneous drainage episodes. Active drainage of the fistula opening was confirmed by gentle finger compression in all patients. Rectal involvement at endoscopy was 
Predictive factors of deep remission
In univariate analysis, deep remission was significantly associated with absence of rectal involvement (37.5% vs 63.6%, p = 0.12), absence of surgical drainage at diagnosis (68.8% vs 87.9%, p = 0.011), absence of antibiotics at diagnosis (50% vs 78.8%, p = 0.04), longer duration of treatment with infliximab (27 mo vs 18 mo, p = 0.039), absence of perianal lesion with infliximab (7.1% vs 30.6%, p = 0.008) and absence of switch of anti-TNF-α treatment (0% vs 33.3%, p = 0.009).
In multivariate analysis one factor was significantly associated with deep remission: absence of rectal involvement (37.5% vs 63.6%, OR = 4.6, 95%CI: 1.03-20.5).
DISCUSSION
In this study, we describe the clinical and radiological evolution of fistulizing perianal CD in a cohort of 49 patients on anti-TNF-α treatment with a mean followup period of 40 mo. Of note, the period of follow-up in our study was two times longer than those in previous studies. At the end of follow-up, not only were 53% of our patients in clinical remission but one third was in deep remission, corresponding to clinical remission associated with healing on MRI. One third of patients in clinical remission had a persisting pathology on MRI. In multivariate analysis, there were two predictive factors of clinical remission: absence of rectal involvement at diagnosis and absence of switch of anti-TNF-α during follow-up. Only the absence of rectal involvement remained predictive of deep remission.
The demographic characteristics and clinical remission rates of our patients are comparable to those of other studies [32, 33] . The percentage of anorectovaginal fistulas in our study (20.4%) was higher than that described in the first study but similar to the most recent ones [34] [35] [36] . Our clinical remission rate was slightly higher than those in other studies, probably due to our longer follow-up period and longer duration of anti-TNF-α treatment [8, 18, 22, 23, 37] . Additionally, it might also be related to longer seton drainage time as setons were removed after completion of induction treatment. Moreover, 40% of our patients required surgical seton drainage, which is higher than those in previous studies but allowed us to achieve earlier and more efficient drainage before introducing anti-TNF-α treatment [18, 21, 22] . The treatment regimen we used was comparable to those of previous studies [10] . In our study, deep remission was found in 32.7% of patients. Bell, who reported follow-up in only seven patients, defined improvement as disappearance or reduction of fistulas but there was no analysis of contrast enhancement in MRI [23] . Van Assche, in a series of six patients, reported disappearance of T2 hyperintensity in three patients and absence of fistula in two patients on MRI [21] . Ng found complete healing, defined as absence of T2 hyperintensity of fistula, in 30% of 25 patients at 18 mo [22] . In a previous study from our center, including 20 patients with 1-year follow-up, we reported an improvement in Van Assche score as well as disappearance of T2 hyperintensity and contrast enhancement in 30% of patients [21] . The current study follows this approach 
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with a higher number of patients and longer followup and the same MR parameters: T2 hyperintensity used in the Van Assche score and analysis of contrast enhancement. Analysis of contrast enhancement has now clearly proven its interest in follow-up and characterization between inflammatory or fibrotic ileocolonic lesions [31, 38] . Recent MRI sequences like diffusion or magnetization transfer could be used in the future for evaluation of patients under treatment [20, 39, 40] . Compared to our previous study, we found a higher (one third) rate of deep remission at 40 mo than at 12 mo (one quarter) [18] . In univariate analysis, longer duration of treatment and increased rate of healing were significantly associated with deep remission.
Identifying predictive factors for deep remission remains challenging [41] . Tougeron, in a study on 26 patients with infliximab induction therapy, reported that predictive factors significantly associated with clinical remission were low albumin and CD activity index, absence of active luminal disease and absence of endoscopic rectal involvement in univariate analysis; endoscopic rectal involvement was the only factor in multivariate analysis [36] . We confirm the data related to rectal involvement in endoscopy. The presence of proctitis is highly relevant for fistula management and prognosis [15] . In our study, assessment of proctitis by MRI was performed with rectal wall thickness according to Van Assche criteria. Other interesting patterns such as contrast enhancement and MRI features involving the mesorectal tissue like presence of creeping fat have been suggested more recently [42] . The role of MRI in the monitoring of patients on long-term anti-TNF therapy is not well defined. Regular perineal MRI could be useful to assess response to treatment. If unfavorable, optimization or modification of treatment could be proposed. We could consider decreasing or discontinuing treatment in patients in deep remission, but with regular monitoring to detect potential recurrences. Recent data on trough level suggest that monitoring drugs may be useful in making appropriate decisions in this setting [43] . Nonetheless, our study has limitations like absence of perineal disease activity index and trough level monitoring. We did not include patients participating in other therapeutic trials using local therapies like fibrin glue or plug [44] [45] [46] .
In conclusion, our findings show that deep remission is possible in one third of patients on maintenance anti-TNF-α therapy. Concerning predictive patterns, only absence of rectal involvement is predictive of deep remission. Our results may serve as a basis for future management of anti-TNF-α treatment once deep remission is acquired.
